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Study of the types of cells specifically
involved in hypersensitivity reactions can
give some insight into the mechanism of their
causation and development, and throw light
upon two problems: first, what is the
"sensitized" cell in (lelayed sensitivity, anti
secondly, is there any direct continuity be-
tween the cell that takes up antigen, the cell
that becomes "sensitized", and the cell that
produces and secretes antil)odY?

It is first necessary to consider the "archi-
tecture" of the various sorts of hypersensi-
tivity lesions and the changes in such le-
sions with time. In a study of various sorts
of lesions produced by intra(lermnal injec-
tions in rabbits, Gell and Hindel attempted
to isolate certain reaction-patterns which
could be recognized in complex lesions.
These were: 1) the vascuflo-necrotic pattern,
best recognizable in the passive Arthus re-
action at 24 hours, which consists essen-
tially of thrombosis of the small venules
with platelets and white cells, leading to
acute necrosis and massive invasion with
polymorphonuclear leukocytes; 2) the "peri-
vascular-island" pattern, best seen in a mild
tuberculin reaction at 24 hours, but per-
sisting in such sites for days or weeks, con-
sisting of the "cuffing" of the siaull vessels
with mononuclear cells, without any gross

damage to the circulation or vessel; this
picture is, however, identical with that seen
in a mild Arthus reaction at three to four
days, when the polymorphonuclear exudate
has cleared; and 3) the "plasma-cell trans-
formation" which occurs in Arthus reactions
after five (lays and consists of the progres-
sive transformation of the imononuclear cells
to pyronin-positive cells and finally to typi-
cal phisma cells. The attempt was then
made to follow the development of Arthus-
ty)e sensitivity histologically. Intradlermal
injections of full antigen (human gamma
globulin) were made thrice weekly in rab-
l)its and the lesions so produced examined
macro- and microscopically. Microscopic ex-
amjination of lesions at 21 hours showed that
the first cell to appear as sensitivity devel-
oled was the mononuclear; by about the
sixth injection, a pure perivascular island
picture was produced indistinguishable from
a "tublerculin" reaction. In subsequent lesions
a central polymorphonuiclear exudation,
with vascular damage, became more and
iuore evident, until finally this predominated,
leaving only a peripheral zone of mono-
nuclear reaction; it became, in fact, a typi-
cal active Arthus reaction. This suggested
that the active Arthus reaction is a "vas-
culo-necrotic" type of reaction ilnposed

Bull. N. Y. Acad. Med.

P. G. H. GELL4 I 2



NEW YORK PATHOLOGICAL SOCIETY

upon a "l)eriv'ascullar islan(l" pattern of
tuberculin type. Passive reactions prod1uce(I
by transfer to normal animals of serum or
of blood cells, separately, showed that
serumi-sensitized animals tested intradermal-
lv with antigen showed an intense vascutlo-
necrotic pliise, while the "mononuclear"
phase (best seen in active reactions at the
third(lay) was inconsiderable; while cell-
sensitized reci)ients showed a rat her wealk
primnary reaction, but a mononuclear reac-
tion at three days -which was disproportion-
atelv intense.

Experiments are l)eing ca rried outt in an
atteml)t to identify the "sensitized" cell that
enters the lesion, anind to confirm the obser-
vation that suich a cell matutres to a cell
resembling a l)litsfla cell, by the injection
of carl)oI1 particles before and after the
establislmmient of various sorts of lesions. In
general, it has been found that in an ani-
mnfal which has p)hagocytosed (carb1on and is
then treate(d with antigen, a certain number
of carbon-containing muacrop)hages find their
wav into the lesion, presunnalbly from spleen
or bone marrow. If, however, carl)on is in-
jected into an animal as the lesion is alp-
pearing, the endothelial cells of the small
ventules beconme heavily loaded in their cvto-

p)lasnl, alnd carbon-cont-aining cells move out
with the l)erivascular infiltrate in lbrge nunn-
l)ers. The possil)ility is suggeste(1 that this
is actually the result of proliferation of
vascular-en(lothelial cells, rather than of the
lerivasciflar adventitial histiocy tes, as is
usuallv believed, and that vascular endothel-
unm nmayly e one sp)ecifcally "sensitized"

tissue. In the plasm-a-cell reaction in the
late A rthtus lesion, in carbon-injected ani-
muals, carbon may occasionally be found in
mature l)a. ma cells, suggesting that they
have (levelol)e(d froum macrophagic cells, but
such experiments are still incomlplete. As a

working hypothesis, it is suggested that the
cell that takes up antigen in small aimouits
may become "sensitized" and ca)alble of
taking part in a "delayed" reaction (though
such a reactivitv in Arthus-sensitized ani-
mnals is usually su)l)ressed by the vascuilo-
necrotic phase): this "sensitized" cell when
in the tissues and in the presence of re-
taine(l antigen may then mature to an anti-
body-producing plasma cell.

DISCUSSION

MERRILL W. CHASE: We have heard
tonight the net result of a broad area of
research in which Isobel Hinde and our
speaker have been engage(1 for so long, one
in which the cellular reactions occurring
within test sites on rabbits havle been care-
fully quantitated by stu(ly of section after
section; it represents a necessary pattern
of work to which so few people are willing
to (levote the required amlnount of time and
carefulness. From a fairly complex series
of changes within the tissues, there have
been sorted out certain p)atterns that are
associated with Arthus-tvpe reactions and
with tuberculin-type reactions respectively;
one pattern or the other can be (liscerned in
rabbit lesions, and sometimes the participa-
tion of both sinmutltaneously.

It seems to this discussor, whose work
with (irug allergy in guinea pigs has led
hihu to (lifferentiate more sharply between
the two types of reactions (immediate and
delayed) than Dr. Gell does, that the rab-
bit nay not be an advantageous species for
stu(lying and differentiating between the
varieties of tissue response. In this sl)ecies,
reactivity towards tuberculin after the
sensitization is not especially high, o0l tu-
berculin in dilution of 1:5 to 1:100 being
frequently required, whereas the Arthus-
reacftivity of the rabbit and its related
concentration of circulating antibody are
generally more pronounced than in other
species. In consequence, a "ratio" of de-
layed to immediate hypersensitivities (ex-
pressive of the rabbit's capacity to exhibit
the two effects) could be represented as a
fraction having a small numerator and a
large denominator. The reverse of this may
(lescribe the ratio of delayed to immediate
hypersensitivities in the guinea pig, possibly
even best with respect to sensitization with
(Irugs: the delayed component is high, anti-
hody production is low. Our points of
view, therefore, may be conditioned by the
evi(dence thnat has been available to us. From
my own experience, which is luased on ex-
perimnentald maniplulation and not on his-
tologic observation, I conclude that the
delayed-type of (rug allergy in the guinea
pig is (listinctive and differentiable from re-

actions of the "immediate" type, that is,

June 1958, Vol. 34, No. 6

4 I 3



414 P. G. H. GELL

reactions referable to the classical ty)es of
circullating antibody.
For example, in certain specific test sites

mtiade on guinea pigs that liave l)een appro-
)riately sensitized, one can (listingitish the
co-parti(i)ation of Arthuis-type and (lelhte(l-
typle responses at the same site; further, by

spiecific (lesensitization one can suppress or
al)olish the cal)acity to give Arthus-type
reactions an(l leave the (lelave(1-tvl)e of
reactivitv essentially u n ittipaired.

'T'he studies uwhich D)r. Gell presents are,
therefore, p)aralleled in certain guinea pigs
sensitize(l a pp rolpriately with selected(liceni-
cal allergens, in that we cmn fin(l either

lpattern occurring alone or both appearing
together with sonie degree of linkage be-
tween the two.
One particulir result that uwe have seen

in the guinea, pig merits s1)ecific reference,
not because it contradicts lbut because it
may be explained on the basis of l)r. Gell's
observations -with rabbits, 'with respect to
his findings of vascular cuffing following a

local test. Wlhen a guinea pig has lieen ren-
(lere(1 hylpersensiti\-e to tuberculin, an(l a

tituberculin test of to(lderate intensitv has
been a1lde on the liellv -wall bx- iieans of
the tuberculin prel)aration I'l'l), the ani-
tual exhibits the typical, delayed-tvpe of
reaction to tuberculin an(d the site then
slowly reverts an(d aplplroximates its norimial
state. (The intensity of the test hais been
arrange(1 so as to avoid local slotigihing, bitt
to exhibit the characteristic shift from
brlawnv e(lema at 24 hours to in(Mlittatioti at
48 houlrs characteristics that lead iis to
recognize this reaction as being a typlical
tuberculin reaction.) After recovery of the
site, say three weeks later, 25 gatitta of
PPD are injected subciutaneously at a re-
mote site. There ensuies a;round thlese foriter
test sites, commencing within s( ie houirs
and reaching a maxinuim within 24 hours,
a slpecific reaction that reveals the exis-
tence of a local ituminolobgic alteration at
these sites. 'This would fit very well 'with
Dr. Gell's statement that ttionocytes lpersist
for sotme titie in a per vascitlar location
at the site of tuberculin reactions coi(lttcte(l
in the rabbit. Yet the new reaction is lprob)-
ably an anti-protein reaction, ancl not a (le-
laved tyipe of reaction. If nm statetuent

as to the sequence and interpretation of
events is correct, the animtal that has been
ccaused to undergo a reaction of delayed
type acquires at a test site not only what
Indlerbitzen' 3 has reported-an increase(l
amount of Iiistamine, detectaible for several
(lays an(l attributed to the ingress of cells-
but also an itmmunologic activation, likewise
prol)ably owing to the localization of wan-
lering cells, which appear to becotme en-
gaged in antibody fornaition. When the
tutl)erculin l reparation 1DL'I) is sul)l)lied
later in tioderately liigb concentration at a
remote l)oint, it apIpears to reach the locally
altered fortiter test site and to in(lttce there
a reaction wbich is not a (lelave(l tyl)e of
reaction. Mv illustration shoild underline
the cotililexity of the events as they occitr
it vivo. l)eciphertuent of the colmponent
larts will not lie an easy task.

I slhould like to point ouit still another
situation which etttphasizes sotie of the diffi-
cuilties in interp)reting, classifvintg, and un(ler-

stan(ling types of reactions. Dr. Janet Mc-
Carter, working at the University of Wis-
consin, stit(lied tuberculin tests in students.
When it fell to her lot to use the first

l)relparnution of avian tuberculin that had
been mal(le with use of only tininimal heating,
followed b) mitild concentration on the ultra-
filter, it was found that students who were
negative in her initial test series responcle(l
trainsiently to later re-testing. The new type
of l)repltration actually was atntigenic. On
the average, the maxiutum reaction occiurre(d
at 24 hours; some of the reactions p)ersiste(h
through the second (lay anil would have
been juiidged tuberculin-positive if observed
only at that titme. We are not required to
accept the "positive" reactions, observed in
re-testing, as being a (lelayed type of
reaction, b)uit we are obliged to recognize
that the need to use minimnal test strengths
of tuberculin (in order to avoid focal and
svstenmic reactions in highly sensitive indi-
vi(luals) and the bother of ttaking step-wise
tests on a luatient often cause us to stop
short of any critical appraisal of the types
of skin reaction that we encouinter in lhuain
skin-testing. When a reaction persists for
a sufficient length of time for us to recog-
nize it as positive we are likely to interret
it as a delayed type of reaction.
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I)r. Gell has attemtipted to sort out the

typ)es of reactions on a histologic-l)iologic
Itasis. Attempts of this sort must l)e l)lirsue(d
eventually with species other thln the rahhit
hefore all the necessarv data comie to hvand.
We are indebted to, and mniust congratiulate
1)r. Gell on the foresight that led to the
work slilIniarized1 here tonight.

A. II. MILLEIt, Seattle, Washington: If
I understood correctly, Dr. Cliase state(d
that monocvtes b)ecomne a ntihody-pro(lllcing
cells.

MER1111J. WV. ChIASE-: No, I did not
inten(d to (lescril)e it so haldlvy; the cellidl a
events in the perivasclllar area are proh-

bycompllex indleedl.

A. R. 'MILEUR: I am wondlerilln if it
h1as to he a monocytte, or the cell whiichi
stilrrolun(ds the antigen has to he the cell that
will entertain the antipgen anld also wvouild
have to he the (ell that produces the anti-
hodv. In other words, cold( it he aI (ell of a

pa rticular sort, sitch as the cell of thte 8thi
nucleus of the pons that wouild take over the
antigen-antihody reacting mnecllanisml? I 1o-
(lerstoo(d Dr. Chase to saiv that the cell
hecanue the antihodv-producing agent, that
the antigen itself, the PP'D, -was not the
antigen in this reaction, so it seenis to nie
the only wav we could (lesensitize an indi-
vi(dial would Ibe in some way to extract the
cells, malke up atn antigen of that, and de-
sensitize to the cell itself.

MEItI ILL WA. CIIHASE: Tlhe 1)ro(i(ction
of antibo(ly is related to 1both splenic ain(
non-splenie sources, an(d, as has lbeen slhown
hv Oakley, Battv and Warrack in England(14 5

and bv others in this colintrA, one canit have
local concentrations of antibody in (lifferent
tissues; hence wve (an assume a local con-
centration of antihodv in a node on one
si(le of an animal an(d its paractical ;ahsence
contralaterally. The types of cells that are
engaged in producing antilbo(Iy are not l)re-
cisely known, but it is generally regar(le(d
as aI function of the p)re-l)lastnl cell. In my

owln opilliolm, the lvnl)hlocyte is at least p)art
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of an alternate parallel p)athwauy,. The lyin-
lhocyte does not necessarily play a complete

role; p)ossil)Iy it lprovi(les some necessilrv
mnaterial to other types of cells. This (loes
not l)eur on anything that I have said, andl
I think it was I)r. Gell in(d not I who talked
alollt l)lasmla cells arising in such(1 areas, in
which there were econcentrations of phinsiu
cells nm(d nionocvtes.

A. II. AITMIlER: I wvould like to ask 1r.
Gell the s5imie question.

PHILIP G. H. GEl.ll: I an not srle
that I nidlerstind it; will youi pleaise repeat
!yo1l. qu~e stioll?

A. RI. IMILIEl: Let us take the 8th
nucleus of thre ponis. Say we have a concen-
tration of p)lIsml cells aroun(d the vessels
in this nucleus. Could it be l)ossi1)le that
the nuclear cells themselves would tAke over
the anitio.eni, and aldso by ueta iing antigeni
itself produce antibody? In other wor(ls,
your plhsimi cells amd Ilvplocvtes aire left
out of the lictirt e.

l'IIIIPGl .j 1. CElI T: I (lo not think
ther-e is avn conclusive evi(lence one wav
or the other ait the uomeunt; it is possible
that ai smalll amount of antibodv or a snmall
iaount of gaimma globulin imaty be capable

of being lrloduced in IVnv cell in the body-
it is certainh only thait the bulk of the anti-
b)o(dy is l)1o(duIced in cells of the 1vluplo-
reticul.aIr' system.
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HoTnotransplantation of Human Cell Lines

(A bstract)

CHESTER Al. SOUTHAM
Sloan-Kettering Institute for Cancer Research

T'he growth of established human cell lines
after subcutaneous homotransplantation into
healthy adult male volunteers and volunteers
with advanced debilitating neoplastic dis-
ease has been studied1. The subcutaneous
nodules which appeared at the inoculation
sites were biopsied at various intervals from
one week to eight weeks after implantation.
Histologic findings were illustrated by lan-
tern slides. Data illustrating the following
obserx'ations and conclusions were presented.

Behavior of a given cell line on homo-
transplantation appears to be independent
of its site of cultivation. For exainple, HEp
#3 cells grown in tissue culture, egg chorio-
allantoic membrane, or cortisone-treated
rats, mice, or hamsters have shown no ap-
parent differences attributable to source.
Normal recipients have rejected implanted

cells of all types. Regression is usually com-
plete by three weeks, and some biopsies
taken as early as seven days after implanta-
tion show no evidence of propagation or
persistence of the implanted cells. Rejection
in normal recipients was characterized,
grossly and microscopically, by an acute
localized inflammatory reaction at the imn-
plant site. Polymnorphonuclear leukocytes
were prominent in this reaction, but mono-
nuclear cells including plasma cells were
also present in large 'numbers, and eosino-
philes were prominent in some specimens.

In the cancer patients rejection was de-
laved or did not occur at all during the
period of observation. Acute inflammatory
changes were minimal and transient or did
not occur at all. Growth of the implanted
cell (all cell types) was demonstrated in
20 of the 22 patients studied to date.
Growth continued for two weeks or longer
before there was regression in any of these

patients, and in three individuals there was
still active growth of the implanted cells at
six weeks or later. When regression did
occur it was characterized by degenerative
changes of the implanted cells and a
mononuclear cell infiltration with little or
no polymorphonuclear response. If there
was no spontaneous regression the study,
was terminated by coiuplete excision of the
implant or by expiration of the patients
due to their own advanced cancer.
The several cell lines showed consistent

differences in growth potential within both
of the two categories of recipients (cancer
patients and normals). Normal fibroblasts
never gave any detectable evidence of propa-
gation. Chang's conjunctival cells (epithelial
cells of normal origin but showing hyper-
ploidy and other cytologic abnormalities)
never grew in normal recipients and grew
slowly in the cancer patients. Most of the
neoplastic cell lines (HEp #1, HEp #2,
HeLa, J-111, and HS #1) formed a group
which appeared to have about equal growth
capacity. In norrsal recipients these cells
were found in almost all biopsies taken on
day 7, although they usually showed con-
siderable cellular degeneration and were
enmeshed in acute inflammatory tissue. In
the biopsies taken on day 14 they were
still demonstrable in somewhat less than
half of the recipients. In the cancer patients
these cells produced nodules of healthy-
appearing cells in almost all recipients in
the biopsies taken at two weeks or later
after implantation, and in a few cases
growth was progressive for three to eight
weeks. The HEp #3 cell is in a group by
itself. It was the most vigorous and aggres-
sive of the cell types studied as judged by
behavior in both groups of recipients. In

Bull. N. Y. Acad. Med.

4 I 6 C. AI. SOUTHAMI



NEW YORK PATHOLOGICAL SOCIETY 4 I 7

normal recipients all biopsies taken on day 7
contained HEp #3 cells although there was
also a vigorous inflamnuatory reaction. AIbout
two-thirds of the biopsies taken on day 14
contained identifiable HEp #3 cells, al-
though usually degenerative changes were
prominent. In one normal recipient a
nodule was still growing and contained can-
cer cells 21 days after inoculation. In the
cancer patients growth of HEp #3 cell
implants recurred three times after excisional
biopsies and grew progressively in these
three patients for six weeks or longer (that
is until the patient died of the primary
disease). In one of these individuals there
was metastasis from the inoculation site on
the forearm to the axillary nodes. In the
other two cancer patients who received HEp
#3 cell inoculation, one showed no re-

currence after excisional biopsies on day 19
and the other (lied of his primary disease
seven days after implantation.

In attempting to determine the cause of
the difference in reaction between these two
groups of recipients, an atteml)t is being
made to investigate cellular and huImoral
defense nmechanismns of all known types.
Time does not permit a detailed discussion
and these studies are still incomplete, but it
may be stated that there appears to be no
inability of the cancer patients to produce
an acute inflammatory response to other
types of stimuli and no defect in their ability
to produce circulating antibodies against
viral antigens. An interesting observation
in the cancer group is the frequent oc-
currence of very low properdin levels. In
the data accumulated to date there is a
direct correlation between serum properdin
levels and the observed regression of im-
plants. However, there is neither evidence
nor implication that this relationship is
causal, and the possibility that there may
be a relationship between properdin and
transplant rejection has not yet been sub-
jected to critical investigation.

Trhe growth of a repeat implant of the
samue cell type has been studied in normal
recipients. The repeated implants formed
smaller nodules and regressed more rapidly
as judged by gross and microscopic exami-
nation. This accelerated rejection of a sec-
ond implant is presumably the result of an
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induced ilumunity. It has not yet been pos-
sible to study this phenomenon in patients
with advanced cancer.

All of these studies concern onlv honio-
trans)lanted cells. There is no implication
in our results or any of the statements con-
cerning them that these observations have
any carry-oNer to spontaneous cancer.

REFERENCE

1. Tbese studies have been possible only because
of the cooperation and collaboration of many
physicians, laboratory scientists and tech-
nicians, and volunteer recipients, at Memorial
Cancer Center, Ohio State University, and
Ohio State Penitentiary. The speaker acknowl-
edges his indebtedness to these many co-work-
ers. A preliminary report on some of these
studies has been published: Southam, C. M.,
Moore, A. E. and Rhoads, C. P. Homotrans-
plantation of human cell lines, Science 125:
158-60, 195 7.

DISCUSSION

HIAlRR{Y S. N. GREENE, New Haven,
Conn. I (1o not think that Dr. Southamn need
apologize for entering the domain of homno-
transpllantfation. The present extreme con-
fusion in the field is due largely to the fact
that people who are neither pathologists nor
transl)lanters have worlkzed so intensively
in it.
As I understan(l it, the primary results

of his experiients have been that cultured
hluma1n cancer lines will not grow in normal
individuals, but will grow in cancer pa-
tients. The subject of honiotransplantation
has been intensively studied, using legiti-
mate experimental animals; the findings,
which are similar to those cited, have been
published and are well recognized. The suc-

cess of homiotransplantation of any tissue
lepen(ls on two factors: first, the status of
the tissue used for transfer, and second, the
status of the host used, and this is partic-
ularlv true in cancer. Cancer is, of course,
not a sudden transformation of normual cells,
but, on the contrary, represents the final
stage in a developmental process. 'Thirough-
out this process the mnorphology of the cells
may remain completely unchanged, but tl
tumor undergoes profound biologic changes,
and these are expressed in transplantable
reactions. If one divides the development
of cancer into its two main plhases, first, the
phase in which the tumor is not metastasiz-
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able, and second, the phase in which it is
nietastasizal)le, one gets two radically (if-
ferent sets of transplantation reactions. in
the pre-metastasizahle phlase the tumor will
grow when transplante(d b)aek elsewheire in
the timor-bearing in(livi(llial, )IbIt it always
fails to grow whten transl)lante(d to nornal
in(dividuals, whether the normal individual
is of the sanme species or of a (lifferent
species. Let me repeat that: A thimor in a

lre-metastasiz;al)le phliase of development will
grow when transllante(l hackelsewsere in
a tumor-bearing individiual. It always fails
to grow when transplanted in a normal ill-
dividual. In other words,sat this stage of
development the tumior is (lel)enent for its
continued existence aln(1 growth on factors
peculiar to the tunior-hearing animnal. These
factors are not supplied lby normal Inimals,
and accordingly the tumior will not survive
transplantation in normillal anllnimals. With con-
tinued developmuent the neoplastic foctis
attains a new )roperty, the ahilit to umet-
astasize, and coincidently, it attains in(le-
len(lence of the factors con0ec1lerned in its
genesis and (levelopnment. Thiis, a meltstasiz-
alble tumor will grow not only on ain
autologous transfer, hut it will also glow
on transfer to normal, unrelated animals,
even if the animals are of a different species.
Let me emphasize this, Usim,^ a p)alticulamr
tumor, a spontaneouis breast cancer in one
strain of mly rabbits. It is a very constant
tinor, the sequience of morphologic an(l
biologic changes being the same in all cases.
It begins as a cystic enlargemument of the
(hicts and acini; over a )eprio(d of time smuall
foci of neoplasia occur in the dilate(d cysts
and ducts. These always occulr just as Iui-
radicular p)apillomuata, a nd( then hecome
multiradicular, and have the compml)licated
structure seen in tlme 1)leseflt slide. A high
power of this slide shows all of the cellular
changes generally thought to be characteris-
tic of cancer, that is, a consi(leralde increase
in the number of maitoses, loss of polarity,
and marked irregularitv in nuclear size and
staining qualities. Baut fom a consi(leral)le
periodl of time the tumors remain confineul
within normal boundaries, an(d (lo not in-
vade. If one obtains a biop)sy at this stage
of (levelopment an(1 transl)lants fragments
in the anterior chambner of the eve of nor-

mal rabbits, the transplants fail to take.
This is a section of such a transplant three
weeks after transplantation, - ol)viously
de-ad. However, if fragments obtained from
the same biopsy specimen are transferred
to rabbits bearing spontaneous breast tumors
the transplants survive and grow. In this
stage of development the tumor is depenlent
for its existence on factors peculiar to the
tunior-lbearing host, and these factors are
not supplie(l by the normal animal. W'ith
continued growth the primary tumor attains
the ability to invade and metastasize, and
if one transplants a fragment of tissue ob-
tamined at this stage one finds it will grow
in normal animals. Not only does it grow
in normal rabbits, but it grows in animals
of any species, and the next slide shows the
same tumor growing in the anterior cham-
ber of the eye of a guinea pig. Thus when
a tumor attains the metastasizable phase of
developmnent, it also attains independence
of the factors it originally depended on, an(l
will grow in their absence. This is not only
true of tumors of rabbits, it is true of all
cancers, whether in animals or man.

This slide shows the situation in a spon-
taneous carcinoma of a CH mouse. A l)iopsy
was performed on that tumor in March of
one year. Fragments of the tumor grew on
transfer to other C311 mice, but failed to
grow in foreign mouse strains or in an alien
species. The tumor was biopsied again a
month later, and again fragments grew on
autologous transfer, but not on homologous
or heterologous transfer. When the animal
was killed at the end of another month,
small metastases were found in the lung.
Transfer of the primary tumor was per-
formed as in the presious experiments, but
this time it grew on heterologous and homio-
logous transfer, as well as in animals of the
strain of origin. Thuts the transplantation
reactions of a tumor aire entirely different
in different (levelopumental p)hases, and it is
absolutely essential in any transplantation
experiment involving cancer to characterize
the inoculumn. This point concerns human, as

well as tumors of other species. The signifi-
cance of heterologous transplantation and
homologous transplantation is exactly tihe
same, and in working with human tumors
it is not necessary to use man as an experi-
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mentcal animual. Let mue illustrate this point.
This slide shows the results of heterologous
transfer of a series of 123 different hIunian
cancers obtatined from the operating room.
'11e tumors were all cancers mnorphologi-
cally. Most of theta were carcinomas; there
were a few sarcomas. Sixty-fiv e grew in
guinea pigs, and 58 failed to grow. In the
group of tumors that were Iheterologously
transplantable 64 of the patients are now
(lea(l; only one is alive, and this individual
is noril)itnd with metastases. Obviously these
transfers were )erformedl fron patients in
the temiinal phase of the disease, an(l the
subsequent rap)idly fatal course of the pa-
tients in(licates thlat in all probability their
tinnors had reached the metastasizablde phase
at the timne of operation. On the other hand,
in the group of patients with non-lhetero-
logously transplantalle tumors onlu 12 have
(lied an(1 46 are still alive and free of
tulmtor. It would appear therefore that in
this group the tumors had not attaine(l
tmetastasizability at the tunee of operation.

"My point then is that the transplant-
ability of hIumian cancer depends on two faic-
tors: first, the status of the tumor tissue
uise(l, whether it is from a moetastasizable
cancer or al non-metastasizable tuinor, and
second(ll, the status of the platient: whether
normal or timor-bearing. It would seein to
mie therefore imperativ-e that in time work
that has just been reported that the status
of the tumor used be clarified.

I should also like to raise the point as
to the necessity of tsing humian beings in
sluch1 an experiment as this. In some back-
woods (listrict of New England, remote
from the sophisticated institutions of this
City, we still believe in the dignity of man.
That belief ma-y be an illusion, and prob-
ably it is, but it is an illusion that surely
should be preserved and fostered.

MERRILL WV. CHASE: It seems to me
that what we have heard tonight, if I inter-
preted it aright, is this: most of the materials
with which l)r. Southatm has been working
have not been of the metastasizable sort, for
they either were not effective as "takes" when
supll)lie(l to normal individuals or they re-
gressed rpilly. Speaking of these experi-
tuents as an immunologist, I wonder whether

one cannot view thetu in this wise. Does
J)r. Southati not have here a situation of
itntnumnologic tolerance in cancerous individ-
tals to sotue class of antigens that is in-
(ligenoltis to cancerous cells, and of absence
of toleraInce (i.e., rejection) in nortmal in-
(lividitals? Obviously we cannot pictulre
sinit)ly the antigens of normal cells as
meeting the nee(ls of our hypothesis, luecaitse
we ha% e been told that nortual fibroblasts
lare rejecte(l by both classes of recipients.
If we are going to pursue this line of rea-
soning, these antigens shoulld be something
sl)eci1l an(l cotmnon to an entire series of
caincerous cells, and indeed many of the cell
lines useol were epiderumoid in origin. Could
thlese cancerous cells lossess sotue specitl
antigen or class of antigens, other than
thaose l)resent in normtal cells? Could one

picture sottte sort of itumunologic tolerance
in cancer )atients, possib)ly connected with
a Itighi metabolic rate of the cancerous tis-
stie, a liberation of certain antigen materials
(nuclear in origin? present in the native
stlte or as Split prodlucts?) and a satura-
tion of the chief antibody-producing sites?

If this were tIme case, possibly a kind of
intmmtutnologic tolerance could be set up. A

pertitment model wouild perhaps be the dlevia-
tion of the usual event of isoallergic en-
celphaflotivelitis by special prior injections
of brain tissue, now being studlied by l)r.
Philip Y. Paterson. Perhaps one could
ittuagine, further, that the antigens involve(d
in l)r. Soutthani's cell lines are only weak
isoantigens, and that some engrafted kind
of tolerance against this particular mnate-
risal might 1e established without too mitch
(lifficultv. Reasons for the occurrence of
sitch a special antigen or antigens in these
cells would be bevond tIme scope of the hvpo-
thesis. One would lhave, rather, to seize upon
l)r. Greene's experiences and his findings
that cancerous cells undergo alteration with
a maturing process and a(qutire special new

properties of mnetastasizabilitv. Indeed, it is
well known that changes in ploidy occmur
in nianv of the cell lines that are imain-
taiined under artificial conditions.

It would be pertinent to inquire whether,
when an aninmal has developed an increasing
rate of rejection for a given cell line, there
is concomitant change in the resistance of
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this in(lidi(liual towardl other cell lines. Let
its rephrase the thought. Would the im-
muinologic experience gained by contact with
one humian epi(lernmoi(l ell line condition a
person So as to (letermnine his subsequent
reaction to all epidernmoid cell lines or only
to the samne epidertuoid ? Would his initial
tolerance for another sort of (ell, say a

fihrohlast, be entirely normal? Answers to
these qlulestions might l)rovi(le some cliue in
looking for special antigens in ca-incerous
cells. In other words, I woill(l like to have
I)r. Southain tell us more Iabout the increase
in rejections seen in the non-cancerous
sitbjects.

I should also like to ask Dr. Greene
whether lhe has some explanation for the
change lhe finds to occitr in cells that enter
the metastasizable phase.

HARRY S. N. GREENE: That to me is
the crutx of the cancer prolblemu; if the fac-
tors (listinguish ing mietastasizalble frorn non-
nuetastasizable cells were known, I think
we would be pretty close to the answer. I do
not kmOw what the factors are.

CHESTER M. SOUTHAM: Dr. Greene
l)routght ut) three points that I would like
to comnment on. First, I would like to ask
1)r. Greene if lie (lassifies a specinimen as
netastasizahle or l)re-mntetastasizable on the
bltsis of (linicoll and histologic characteristics
utt the timue the specimten is obtained and
then correlates this classificttion with its
behavior on transplantation. Or, on the other
hand, is a spl)ecimen classified only after
ol)servation of its growth in hommologoums and
heterologous hosts, and then correlated with
clinical behavior?

Second, Dr. Greene llas suggested that the
tumuor-beairing aninal is more receptive to

trtnsSl)lptnts because the first tumor sutl)llies
sontething which is necessarv for tlue growth
of the transplanted tutnaor, lbut which is
lbcking in a normal recipient. In contrast,
it has been nm lpretnise that the tumnor-luear-
ing animatil lacks sonue (lefensive mnechanisimi
wlAhich the non-tumnor-bearing animal has.
While this may be qutibbling, since either
interpretuition l)rov'ides a useful working
hypothesis, these ulifferent interpretations
are of interest because they might lead to

different experimental approaches to the in-
vestigation of these phenomena.

Before I discuss philosophical differences
nacross the state l)order, I would like to
consider l)r. Chase's question regarding the
increase(l rejection rate of reinmplants of
the same or dlifferent cell type, and the

possil)le iml)lications of such studies re-

gar(ling the antigenicity of the several (ell

types. I did not have time to present our
data on repeat homotransplants hut iny

statement concerning the more rapid rejec-
ti(n of second inl)lants was based on two
criteria. The first is smualler nodule size.
Obviously, nodule size alone is a measure

of reactive tissue as well as growth of the
imul)lanted cells, bitt for what it is worth,
vou see in this graph a )lot of nodule size
against the nummdber of days after implanta-
tion. These studies were all in normal

recilpients.
In prim;try implants there was a definite

noliule at day 7, maximum no(lule diameter
at day 14, little further change by (lay 21,
l)ut nearly compllete disal)pearance by dlaty
28. (The dlata illustrated concerne(l itiplAants
of H1Fp #2 or HFvp #3 cells.) In a group
of individuals who were inoculated simiul-
taneously with the primary ilnplant groupl),
hut who had received a previous implant of
the same cell type some 3 to 4 months
earlier, the nodules were at their maximum
size at 74 days and were already regressing
by dav 14. In another group of individuals
who had previously received an implant of
a different cell type, there was little or no

increase in no(lule size after day 7, and re-

gression was rapid. The number of individ-
uals in each group is small I know, but that
is what we have to work with. From these
data, I am suggesting the interpretation, hut
not insisting it is correct, that individuals
who receive the same type of cell a second
time reject it nmore rapidly than individuals
receiving it for the first time, and that
individuals who are having their first experi-
ence with a given cell tyl)e, but had pre-
vioiuslv received a ilifferent type of cell, may
also show an acceleration of rejection, al-
though perhaps not as great as in those who
got the same type previously.
One other slide tackles this same question

fromt a (lifferent angle. On this chart I
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have attempted to quantitate roughly the
amount of growth of the implanted cells and
the severity of inflammnratory reaction. ('The
data illustrated concerned HEp #3 cell iii-
1lbnts only.) At 7 (lays after implantation
all ten biopsies from prinhary inl)ltnts con-
tained consiclerable numbers of the trans-

llantecl HEp #3 cells; in the three biopsies
from repeat implants of the same cell type,
HEp) #3 cells were present in only one,
arid when the HEI) #3 cells had been
implanted into individuals who had previous-
ly received iml)lants of some other cell type,
few biopsies (two out of 15) showed as good
growth as in the primary implilants, three
contained no HEp #3 cells, and in the
other ten the inmlplanted cells were rare.
Similarly in biopsies taken on day 14 miost
of the prinmalry implants (eight out of 13)
contained sciie IlEp #3 cells, whereas in
repeat imlalants of the same cell type the
only nodule which had not comp1)letelv re-
gressed containe(1 no Hl1p) #3 cells, an(l
likewise there were no HEp) #3 cells in
the two biopsies from recipients who got
HEp #3 cells for the first time after pre-
vious implalnts of (lifferent cell ty pes.

I am well aware that these data are not
adequate to dIraw conclusions fromt, but they
(lo suggest the possibility that somue antigens
are comlniton to the several neopltstic cell
types, as Dr. Chase said. I say antigen in
(uotes, hecause as yet we have not been
able to demonstrate any circulating anti-
hodies. Our only demonstration of an im-
mane state has been this accelerate(1 re-
jection.
Now to return to D)r. Greene. I think that

in general it is fruitless to attempt a re-
bluttal in philosophical debate, but there are
a couple of points here that mlulst not go
unchallenged. D)r. Greene I am not quoting
hima exactly is saving in essence that
response to heterologous transiplantation is
not different from response to homologous
transplantation an(1 thus (if I ani para-
phrasing hin cuorrectly) we cannot expect to
learn anything from the horiologous trans-
ilantation (which requires humlian volun-
teers) which we could not learn fromu
heterologoxis transplantation in laboratory
animals. As a newcomer to the field of trans-

plantationi, I anm not in a good position to

refute this, but neither am I willing to
accept it. It has been mny assumption that in
lheterologouis transplants the host is faced
with tissues which are entirely foreign to it,
wherefas in homotrnansp)lantation sorie of
the antigenic conliponents of the trans-
planted tissue may be corpipatible Nvith host
antigens and hence might not elicit a rejec-
tion rea(tion. 'T'hre possibility of continue(l
growth of translplanted tissues has tremnen-
dlois clinical interest both because of thre
possibility of using grafts to replace dam-
aged vital structures, ancl hecause of the
conceivabile dangers of intro(lucing into the
huruan body transplante(1 cells which have
neoplastic chiaracteristics or )otentialities.
These studies of hoimotransllantation in
ruan lhave been iln(lertaken in the h)elief that
exlerimental animal (lata in general, an(l
results of hIutan cell heterotransplantation
studies in particular, (o1i1d not lie alplplie(l
directl, to muan, an(1 that the potential
clinical imirportance of horuotransplantation
justified our re(qiest for hulai volunteers.

But lie that as it may, the milajor point of
philosophic diffterence is Dr. Greene's state-
ment concerning the dignity of man. I would
say that the best answer to this would lie
the (attitude of those people who are in-
volved in these experiments ,is recil)ients.
What (lo the volunteers themselves think
ahout their persomil diginitv? I have no
idea how mnym- of youi have been insi(le of
a prison but after 16 visits I have comae to
the conclision that the insi(he of a prison
is verY niich like the otitside of a prison,
an(l that the in(livi(luals there lave, at least'
in their own mind(s, just as niach dignity
and1 just as much in(divi(llrality as we have
here. Tlhey (lo not feel that it is ain affront
to their (lignitv, buit rather the! have dlemon-
strated again and again that they feel it is
a hig tIring which they are (loing, or hope
that they are (loing, for man in participat-
ing in this type of work. MIavhe sonie ex-
planation will help. We initiate(1 this lproject
by putting an ex)lanation of the work we
wante(l to (lo in the prison newspap)er. We
stated optirmistically thvit we hoped to get 25
volunteers. Instea(1, 160 individuials volun-
teere(d within a week, and 1 (1o not know
how man! in the next month. There was no
other pumhulicit! at that time. Threre was no
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pressure or special inducemiients of anyx kind.
The oniv rewar(d for doing this was the
holstering of their lersonmll sense of (dignity.
It is myw lpersonal lielief tiat the greatest
inulignities that man (a.11n sutfter are sick-
ness and (leath. 'This work which we are
loing as investigators, and in which these

prisoners and patients are p)articip)ating as
volunteers, is l)re(dicate(1 on the assipl)tion
that wNe are going to coadit these indlig-
nities. Whether it will exver actually con-
tril)lite to iml)rovenment in cancer treatment,
or any other phalse of therapentics, we (an-
not even guess, lut that is our saimn. The
iWea that the participationi of volunteers in
such work is offensive to their l)erso-ial
(lignity is compl)letely foreign to nmv own
thinking. In fact I feel that such altltruistic
service to mankind is a convincing deiuon-
strattion of the dignity of mlan.

HIARRY S. N. G1111E1E.NE1: I will not go
further into the discussion (if huuiiian (dignitv.
1Personallv I (10 not feel that the (discoverv
of the cause an(1 cuire of liu-iian cancer is

orrth the sacrifice of hiumuian diguinity attendl-
ant on using man as an experinictal aninial.
The other question that I)r. Souitham

aisked me was ahouit how% to (letermine
wNhether the huiimin tunors to lie iise(1 were

prenietastasi;h<)le or metastasizahle. Thait of
course (lel)en(ds on the physical examiination
of the l)atient at the time of ol)eration. If
sich is not conclisive, then the length of
time the patient lives ifter reumvoal of the
tiiior is a highly suggestive idlica.tion.

CHESTER M. SOtH'IIA\M: Youi (10 not
mean umetastasizailhe, hut nietastasizing.

HARIRY S. N. GREE-1'.'NlNE': 'Ihe terimis are

probahIN, .svi-ionvinloux.

.JOHN G. KIDD: The question could(1 be
cleare(1 up hy a statement from D)r. Souit-
hamn as to whether the cells of the growvths
with which lie worked were cllured froi
growths that had already metaistasize(1.

CIIHESTER M. SOTHIIAM: The IIFp
#1, #'2, and #3 patients aire all (lead alnad
all had mietastatic disease. IIhFp #1 came
in 1953 fromi iin inguilul no(ide iit st;is of

ep)i(deriuoid carcinona p)rimlary in the cervix.
D)eath occurred a, few weeks after the
hiopsv was ohitained and was (due primlLrily
to pelvic cancer cauising uremnia. IEp #2
was grown froni the prinliary lesion, of an
intrinsic larynx carcinonla. Total 1biryn-
gectoiny was pierformed and recurrence ap-
peared successively in 1oth sides of thle
neck (idring the next 15 mnonths and wa'ls
treateol hv radical neck (dissection. There-
after the platient hid no clinical evidhence
of cancer. HIe died of hronchol)neuinionia at
another hospital 27 mnonths after tihe blryn-
,ectoiv. At auitoplsy the o..ly cancer w05S a1

metastasis in one ;ladrenal. JII) #3 was
grown fromn tihe prianiry lesion of epider-
ioid1 can(er of the Iliccal ninucosa whiich haid
l)een (hiagnose(d lun(l treated1y x-ray therapy
6 Ionths plrior to suirgery. At the time
the specimen wals olitained the olisease was
reciurrenit iii the cheek and(nmetastatic in the
nodes of the right neck at all levels. Post-
olperatively the (lisease p)rogresse(l with
extreme ralpi(dity. 'hiere was massive l)leural
eflfusion positive for neol)lastic (ells, al-
thouigh chest x-ravs were normal one day'
before operation. Signs of hinihar cord
conmpression apiea redl rilnl the Wltient (die(l
,just two weeks after suirgery. No autopsy
was l)ermitte(1.
These three elpi(lernloi( ecarcinoriias thius

appear to fit lr. Greene's thesis that those
lesions which grow on hornio- or hetero-
transllantation are nietastasizing cancers.
In contrast, however, are the results with
HS #1. This was uiltiv'ated froin a well-
(lemlarcated sarcoiiia in the left calf muscle,
apparently )rinltarv in that site. It was

signedl ollt aS an ulnclassifiedl sarcoma, lpos-
sihlv a liposarcomiia. The only treatment was
local excision in Januiary 1953, and there
has heen no evidence of recurrent or iiet-
astatic disease aecordlilng to the latest chart
entry (July 195(i). I did not oliscuiss IIS #1
very iiiuicli inii y presentation, hut you iway
recall that in one of the c;cancer pautients it
grew for 57 days. In the normal recipients
it hehaved soinevhiat like HEI) #3 idlthioigh
prodlicing less iiitense iniflaniuination. This
tilnior then, as wel as Chang's con juinctival
cells, seeiis to (ouitradict Dr. Greene's thesis.
May I a(1(1, a p)po~os of New England

versims New York philosophy, an(d joust for
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the record, that I ami from Salem, Massachu-
setts, where our good-intentioned but bigoted
forebears hanged the witches.

HARRY S. N. GREENE: We just corn-

pleted a long series of experilments on the
influence of the first transplant on the sec-
ondi, and found there is not actuallv a

resistance to the type of tissue we originally
transplanted, hut a resistance to transPlanta-
tion itself.

MERRILL W. CHASE: Dr. Greene's
last comment 1erliaps deals with trans-

p)lanlitation into other sl)ecies, and if so the
situation would lie different fromi that of
isotransplantation as regards the classes of
antigens that would come into p)romlinence.
As a lbasis for our thinking, we mifght take
as a modlel transfusion laccidents occurring
during repeated transfusions in which
Imro)er account has been taken of the major
1)loo1( group biut not of the existence of
minor blood group antigens (M1, -N, P, Rhl,
and many others). Reference is nma(de to
these erythrocyte lantigens because they are
wvell known to us in our daily experiences.
Similar or additional antigens occur in

siperm cells, in circulating white cells, anti in
tissue cells generally. Such antigens within
libroblasts are p)robahl)l the basis for an

immunologic reaction that results in rejec-
tion of implants of these cells by hoth can-
cerous and non-cancerous subjects alike.
What then of the inertness of the cancer

patient towaa r(ls human epiidermoid cancer
cells? There imnust lie an exlplanation for the

presence of ppositive anergy that tolerates
ehpideriioid cells liut not the antigens of
fibrollasts. Such tolerance ought to rest, one
would suppose, on some antigen that is
dlomiiiaint in -and lectuliar to epiiderimoid can-
cer cells, heing dominant even over antigenic

coliliponents of noritial tissue cells. It would
re(lquire, also, some (legree of related anti-
genicity hetween all epidermoid cell lines.
'The new evi(lence lprovi(led by D)r. Sout-
lhamn suggests tlhat cross-reactions are, in-
(leedi, exhibited in view of the suppression
that o(tains when other epidermnoid cell
lines are used later on.

Followinng (lesensitization the once anaphy-
lacticallv-sensitized (ruinea pig can be main-
tamled in the (lesensitizedi state p)roviding
that wve keel) siilupplying enough antigen, for
the animal's tissues cannot dispose of the
excess aintigen. If cancer cells had a proli-
ertv of liberating enough of a sliecial anti-
gen, perhaps a )ositive "anergy" could lie
established and nma intained in some-what
similar fashion.
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